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(57) The apparatus starts idle speed control when each and every one of a plurality of first oonditbns Is satisfied, the first 
conditions Including appropriate values (fig 2) for the opening degree of an air inlet throttle valve of the engine, the vehide 
speed, and the engine speed. In addition to reduce the effects of changes In engine load, a control arrangement Is provided 
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to the absence of satlsfactbn of one of the first conditions. 
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APPARATUS FOR CONTROLLING THE NUMBER OF IDLE 

ROTATIONS OF AN INTERNAL COMBUSTION ENGINE 

FIELD OF THE INVENTION 

This invention relates to an apparatus for con- 

trolling the number of idle rotations of an internal 

combustion engine and, more particularly, to such an 

apparatus which is capable of preventing an excessive 

decrease in the nuitODer of engine revolutions causing 

engine stall and the like, which can occur if con- 

trolling of the number of engine revolutions is started 

after controlling of the idle rotations stops. 

BACKGROUND OF THE INVENTION 

Among internal combustion engines, there are some 

which include an apparatus for controlling the number of 

idle rotations.   The apparatus for controlling the 

number of idle rotations includes a bypass air inlet 

passage for providing communication between points in an 

air inlet passage which are on opposite sides of an air 

inlet throttle valve of the internal combustion engine 

so as to bypass the throttle valve, and a control valve 

for controlling the quantity of air passing through the 

bypass passage, the bypass air inlet quantity control 

valve being actuated by a duty ratio signal in order to 

control the number of idle rotations through feed-back 

so that the number of engine revolutions becomes a 



target number of idle rotations.   The apparatus for 

controlling the number of idle rotations of the internal 

combustion engine, as shown in Figures 5 and 6, controls 

the number of idle rotations to a target number less 

than the number of rotations for starting the con- 

trolling of the idle rotations so that the number of 

engine revolutions becomes the target number of idle 

rotations, which target number is set in accord with the 

temperature of the cooling water.   Also, the apparatus 

for controlling the number of idle rotations, as shown 

in Figures 7 and 8, starts the controlling of the number 

of idle rotations so that the number of engine revolu- 

tions becomes the target number of idle rotations when 

each and every one of certain conditions for starting 

the controlling of the number of idle rotations is 

satisfied, the conditions relating to the opening degree 

of an air inlet throttle valve of the internal combus- 

tion engine, the vehicle speed, and the number of engine, 

revolutions. 

More specifically, the apparatus for controlling 

the number of idle rotations starts controlling the 

number of idle rotations so that the number of engine 

rotations becomes the target number of idle rotations if 

each and every one of the following conditions is satis- 

fied: the idle switch has been turned on to indicate 

that the opening degree of the air inlet throttle valve 

is the idle opening degree and a delay time has passed 

(idle switch ON + delay time) t the vehicle speed 

detected by a vehicle speed sensor is less than the 

vehicle speed for starting the controlling of the number 

of idle rotations (vehicle speed < vehicle speed for 

staring the idle controlling); and the number of engine 

revolutions detected by an engine speed sensor is less 

than the number of rotations for starting the idle 

controlling (number of engine revolutions < number of 

rotations for starting the idle controlling).   In ad- 
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dition, the apparatus for controlling the number of idle 

rotations also starts the controlling of the number of 

idle rotations so that the number of engine rotations 

becomes the target number of idle rotations if each and 

every one of the following conditions is satisfied: the 

idle switch is turned on to indicate that the opening 

degree of the air inlet throttle valve is the idle 

opening degree (idle switch ON); the number of engine 

revolutions is less than the target number of idle 

10 rotations (number of engine revolutions < target number 

of idle rotations); the vehicle speed detected by a 

vehicle speed sensor is less than the vehicle speed for 

starting the controlling of the number of idle rotations 

(vehicle speed < vehicle speed for starting the idle 

controlling); and the number of engine revolutions 

detected by an engine speed sensor is less than the 

number of rotations for starting the idle controlling 

(number of engine revolutions < number of rotations for 

starting the idle controlling). 

20 Also, when the controlling of the number of idle 

rotations is subsequently stopped because one of the 

conditions for starting the controlling of the number of 

idle rotations is no longer satisfied, for example where 

the vehicle speed becomes equal to or greater than the 

vehicle speed for starting the idle controlling, the 

duty ratio of the signal controlling the bypass air 

inlet quantity control valve is maintained at a fixed 

value.   There are two approaches for maintaining the 

duty ratio at a fixed value.   In one case, the duty 

30 ratio is maintained at a preset fixed value, whereas in 

the other case a duty ratio being used to control the 

number of idle revolutions just before the controlling 

of the number of idle rotations is stopped is memorized 

and the duty ratio is thereafter maintained at the 

memorized value. 
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As such an apparatus for controlling the number of 

idle rotations, there is that disclosed in Japanese 

Patent Early Laid-open Publication No. Sho 63-215855. 

The apparatus disclosed in this Publication is intended 

to prevent an increase in the number of idle rotations 

under a no load driving condition when it is shifted 

from a state where the bypass air inlet quantity is 

large to a state where the quantity is small, and to 

rapidly stabilize it at a predetermined number of idle 

10 rotations. 

In a case where the opening degree of the air inlet 

throttle valve becomes the idle opening degree as a 

result of turning on of the idle switch, as in a case 

where the vehicle is running at a reduced speed and the 

clutch is separated to bring the clutch switch to its 

off position so that the vehicle speed detected by the 

vehicle speed sensor is at or above the speed level 

below which starting of the idle controlling occurs, the 

variable controlling of the bypass air inlet quantity 

20 control valve, as mentioned above, is stopped and the 

duty ratio of the signal controlling the bypass air 

inlet quantity control valve is maintained at a fixed 

value and the number of engine revolutions (engine 

speed) is decreased toward the target number of idle 

rotations. 

At this time, however, owing to the application to 

the engine of loads such as electric loads and air 

conditioning equipment as an auxiliary device, if the 

quantity of bypass air passing through the bypass air 

30 inlet quantity control valve (determined by the duty 

ratio set to the fixed value) is less than the required 

bypass air inlet value, the number of engine rotations 

is excessively decreased to a value below the target 

number of idle rotations, thus sometimes resulting in 

engine stall.   Also, if the bypass air quantity passing 

through the bypass air inlet quantity control valve 
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(determined by the duty ratio set to the fixed value) is 

larger than the required bypass air inlet quantity, the 

number of engine revolutions does not decrease all the 

way to the target number of idle rotations, and to the 

contrary may sometimes increase. 

In this case, there may be additionally provided a 

load switch for detecting the application of electric 

loads and the like, so that the controlling of the 

number of idle rotations is started when an additional 

10 condition is satisfied, namely that the load becomes 

greater than a load above which starting of idle con- 

trolling is permitted.   However, there is a disadvantage 

in this arrangement, in that a cost increase is involved 

owing to the additional employment of a load switch. 

Therefore, an object of the present invention is to 

provide an apparatus for controlling the number of idle 

rotations of an internal combustion engine which is 

capable of preventing an excessive decrease of the 

number of engine rotations, engine stall and the like 

20 occurring when the controlling of the number of rota- 

tions is started after controlling of the number of idle 

rotations is stopped, and in which a cost increase due 

to the additional provision of a load switch is avoided. 

SUMMARY OF THE INVENTION 

This object is achieved by providing an apparatus 

for controlling the number of idle rotations of an 

internal combustion engine for a vehicle so that the 

number of engine revolutions becomes a target number of 

idle rotations, the apparatus starting the controlling 

30 of the number of idle rotations when each and every one 

of a plurality of first conditions is satisfied, the 

first conditions depending on the opening degree of an 

air inlet throttle valve of the internal combustion 

engine, the vehicle speed, and the number of engine 

revolutions.   A control arrangement is provided for 

starting the controlling of the number of idle rotations 



so that the number of engine revolutions becomes a 

target number of idle rotations irrespective of the 

absence of satisfaction of each of the first conditions, 

the control arrangement starting the controlling of the 

number of idle rotations in response to satisfaction of 

each of the following second conditions:   the opening 

degree of the air inlet throttle valve is an idle 

opening degree, and the number of engine revolutions 

drops below a value slightly above the target number of 

idle rotations after the controlling of the number of 

idle rotations stops due to the absence of satisfaction 

of one of the first conditions. 

According to the construction of the present inven- 

tion, by virtue of the provision of the control arrange- 

ment, the controlling of the number of idle rotations is 

started so that the number of engine revolutions becomes 

the target number of idle rotations irrespective of the 

absence of satisfaction of each of the first conditions, 

the control arrangement starting the controlling of the 

number of idle rotations in response to satisfaction of 

the second conditions:   the opening degree of the air 

inlet throttle valve being the idle opening degree, and 

the number of engine revolutions dropping below a value 

slightly above the target number of idle rotations after 

the controlling of the number of idle rotations stops 

due to the absence of satisfaction of one of the first 

conditions. - 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present invention 

will be described in detail with reference to the 

drawings, in which: . 

Figures 1 through 4 show a preferred embodiment of 

the present invention. Figure 1 being a diagrammatic 

view of an apparatus for controlling the number of idle 

rotations of an internal combustion engine. Figure 2 

being a diagram of a logic circuit which is part of the 



apparatus of Figure 1 and determines conditions for 

starting controlling of the number of idle rotations, 

Figure 3 being a diagram of a logic circuit which is 

part of the apparatus of Figure 1 and determines condi^ 

tions memorizing duty ratio, and Figure 4 being a timing 

diagram for the apparatus of Figure 1 showing signals 

relating to an idle switch, a duty ratio, an engine 

speed, and a load; and 

Figures 5 through 8 relate to a prior art arrange- 

ment. Figure 5 being a table showing a relation between 

a cooling water temperature and a target number of idle 

rotations. Figure 6 being a graph showing a relation 

between the target number of idle rotations and a number 

of rotations for starting idle control with respect to 

the cooling water temperature. Figure 7 being a diagram 

of a logic circuit which determines conditions for 

starting the controlling of the number of idle rota- 

tions, and Figure 8 being a timing diagram showing 

signals relating to an idle switch, a duty ratio, a 

number of engine revolutions, and collective loads. 

DETAILED DESCRIPTION 

Figures 1 through 4 show a preferred embodiment of 

the present invention.   An idle rotation number control 

apparatus 4 is provided with a bypass air inlet passage 

12 adapted to provide communication between an upstream 

side 6-1 of an air inlet passage 6 and a surge tank 10 

of a downstream side air inlet passage 6-2 in such a 

manner as to bypass an air inlet throttle valve 8 dis- 

posed in the air inlet passage 6 of an internal combus- 

tion engine 2.   This bypass air inlet passage 12 is 

provided with a bypass air inlet quantity control valve 

14 which is activated by a duty ratio signal, the quan- 

tity of air passing through the valve increasing pro- 

gressively as the duty ratio of the control signal 

progressively increases.   By means of this bypass air 

inlet quantity control valve 14, the quantity of air 
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passing through the bypass air inlet passage 12 is 

regulated and the number of idle rotations is controlled 

by means of a feedback operation determining the duty 

ratio so that the actual number of engine rotations 

becomes a target number of idle rotations. 

This bypass air inlet quantity control valve 14 is 

controlled by a control circuit 16.   The control circuit 

16 receives signals from:   a temperature sensor 18 

detecting the temperature of cooling vater of the inter- 

10 nal combustion engine 2, an engine speed sensor 20 for 

detecting the number of engine revolutions, an idle 

switch 22 which is turned on when the opening degree of 

the air inlet throttle valve 8 is an idle opening degree 

and is turned off when the opening degree of the valve 8 

is more than the idle opening degree, and a vehicle 

speed sensor 24 for detecting the vehicle speed. By 

virtue of the foregoing arrangement, the idle rotation 

number control apparatus 4 controls the number of idle 

rotations so that the ntimber of engine rotations becomes 

a target number of idle rotations set in accord with the 

temperature of the cooling water when the engine speed 

is less than the set number of rotations for starting 

the idle controlling. 

This idle rotation number control apparatus 4 

starts the controlling of the number of idle rotations 

(so that the number of engine revolutions becomes the 

target number of idle rotations) when each and every one 

of certain conditions for starting the controlling of 

the number of idle rotation is satisfied, the conditions 

30 depending on the opening degree of the air inlet 

throttle valve 8 indicated by the idle switch 22, the 

vehicle speed detected by the vehicle speed detecting 

sensor 24, and the number of engine revolutions detected 

by the engine speed sensor 20. 

More specifically, the control circuit 16, as shown 

in Figure 2, starts controlling the number of idle 

20 



rotations so that the number of engine rotations becomes 

the target number of idle rotations if each and every 

one of the following conditions is satisfied:    the idle 

switch 22 has turned on to indicate that the opening 

degree of the air inlet throttle valve 8 is the idle 

opening degree and has remained on while a delay time 

passed (idle switch ON + delay time); the vehicle speed 

detected by vehicle speed sensor 24 is less than a 

vehicle speed below which starting of the controlling of 

the number of idle rotations is permitted (vehicle speed 

< vehicle speed for starting the idle controlling); and 

the number of engine revolutions detected by the engine 

speed sensor 20 is less than a number of rotations below 

which starting of the idle controlling is permitted 

(number of engine revolutions < number of rotations for 

starting the idle controlling). 

Furthermore, the control circuit 16, as shown in 

Figure 2, starts the controlling of the number of idle 

rotations (so that the number of engine rotations be- 

comes the target number of idle rotations) irrespective 

of a failure to satisfy each and every one of the condi- 

tions just mentioned, if instead each and every one of 

the following conditions are satisfied: the opening 

degree of the air inlet throttle valve 8 is the idle 

opening degree and thus the idle switch is ON; and the 

number of engine revolutions drops below a value 

slightly above the target number of idle rotations 

mentioned above (number of engine revolutions < target 

number of idle rotations + a). 

When the controlling of the number of idle rota- 

tions is stopped due to failure to satisfy one of the 

conditions for starting the controlling of the number of 

idle rotations, for example because the actual vehicle 

speed becomes equal to or greater than the vehicle speed 

value for starting the idle controlling, the duty ratio 

of the signal controlling the bypass air inlet quantity 
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control valve 14 is maintained at a fixed value. There 

are two approaches for maintaining the duty ratio at a 

fixed value.   In one case, the duty ratio is maintained 

at a preset fixed value, and in the other case a duty 

ratio being used to control the number of idle 

revolutions just before controlling of the number of 

idle rotations is stopped is memorized and the duty 

ratio is thereafter maintained at the memorized value. 

In Figure 1, reference numeral 26 denotes an air 

10 regulator.   The air regulator 26 controls the opening 

and closing of an air passage 30 disposed in such a 

manner as to bypass the air inlet throttle valve 8 in 

accord with the temperature of the cooling water, to 

correct the air quantity supplied into the downstream 

side air inlet passage 6-2 when the water temperature is 

low, the regulator 26 having an air valve 28 which is 

activated by utilizing the displacement of a temperature 

sensitive displacement body such as thermo-wax•or the 

like. 
20 Next, the operation of the preferred embodiment 

will be described with reference to Figure 4. 

The idle rotating number control apparatus 4, 

through the control circuit 16, starts controlling the 

number of idle rotations during the driving time of the 

internal combustion engine 2 when each and every one of 

the following conditions is satisfied:   the idle switch 

22 has turned on to indicate the opening degree of the 

air inlet throttle valve 8 is the idle opening degree 

and a delay time has passed (idle switch ON + delay 

30 time); the vehicle speed detected by vehicle speed 

sensor 24 is less than the vehicle speed below which 

starting of the controlling of the number of idle rota- 

tions is permitted (vehicle speed < vehicle speed for 

starting the idle controlling); and the number of engine 

revolutions detected by the engine speed sensor 20 is 

less than the number of rotations below which starting 
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of the idle controlling is permitted (number of engine 

revolutions < number of rotations for starting the idle 

controlling). 

When the controlling of the number of idle rota- 

tions is stopped because of a failure to satisfy one of 

the conditions for starting the controlling of the 

number of idle rotations, such as for example the 

vehicle speed becoming more than the vehicle speed for 

starting the controlling, the duty ratio signal con- 

trolling the bypass air inlet quantity control valve 14 

is maintained at a fixed value.   At this time, the duty 

ratio used for controlling the number of idle rotations 

just before controlling of the number of idle rotations 

is stopped is memorized, such stored value being mem- 

orized and maintained as shown in Figure 3. 

That is, the idle rotating number control apparatus 

4 continuously memorizes a duty ratio being used to 

control the number of idle rotations when each and every 

one of the following conditions are satisfied:   the idle 

switch 22 has turned on to indicate the opening degree 

of the air inlet throttle valve 8 is the idle opening 

degree and a delay time has passed (idle switch ON + 

delay time); the vehicle speed detected by the vehicle 

speed sensor 24 is less than the vehicle speed for 

starting the idle controlling (vehicle speed < vehicle 

speed for starting the idle controlling); the engine 

speed detected by the engine speed sensor 20 is within a 

predetermined range bounded by preset rotation values 

which are respectively set above and below the target 

number of idle rotations (number of engine rotations « 

target number of idle rotations ± x); and the tempera- 

ture of the cooling water detected by the temperature 

sensor 18 is at or above a preset temperature (cooling 

water temperature ^ preset temperature).   When the 

controlling of the number of idle rotations is stopped, 

the continuous memorizing stops and the last memorized 



value is maintained and thereafter used as the fixed 

duty ratio for the signal controlling the bypass inlet 

air quantity control valve 14. 

When, as at the speed reduced time, the idle switch 

22 is turned on to indicate that the opening degree of 

the air inlet throttle valve 8 is the idle opening 

degree and the clutch (not shown) is disengaged to turn 

the clutch switch on so that, as a result, the vehicle 

speed detected by the vehicle speed sensor 20 is more 

than the vehicle speed for starting the idle con- 

trolling, the controlling of the number of idle rota- 

tions is stopped and the duty ratio of the signal con- 

trolling the bypass air inlet quantity control valve 14 

is maintained at the fixed value and the number of 

engine revolutions is decreased toward the target number 

of idle rotations as mentioned previously. 

At this time, however, because of the application 

of loads such as electric loads, air conditioning equip- 

ment as an auxiliary device, and the like, if the air 

quantity passing through the bypass air inlet quantity 

control valve 14 (determined by the duty ratio set to 

the fixed value) is smaller than the required air quan- 

tity, the number of engine rotations may be excessively 

decreased to a point below the target number of idle 

rotations, thus resulting in engine stall.   Also, if the 

air quantity passing through the bypass air inlet quan- 

tity control- valve 14 (determined by the duty ratio set 

to the fixed value) is larger than the required air 

quantity, the number of engine revolutions may not 

decrease to the target number of idle rotations and, to 

the contrary, may increase. 

In this case, although it is known to start the 

controlling of the number of idle rotations by addition- 

ally employing a load switch adapted to detect loads 

such as electric loads and the like, and an additional 

condition determining that the load is more than a load 



for starting the idle controlling, there is a disad- 

vantage in that the additional employment of the load 

switch invites a cost increase. 

Therefore, in such a case, according to the inven- 

tion the control circuit 16 starts the controlling of 

the number of idle rotations so that the number of 

engine revolutions becomes the target number of idle 

rotations when each and every one of the following 

conditions are satisfied:   the opening degree of the air 

inlet throttle valve 8 is the idle opening degree (the 

idle switch is ON); and the number of engine revolutions 

drops below a value slightly above the target number of 

idle rotations (number of engine revolutions < target 

number of idle rotations + a)• 

By virtue of the foregoing arrangement, the 

starting time for controlling the number of idle rota- 

tions can be advanced without employing additional 

hardware such as a load switch for detecting loads such 

as electric loads and the like. 

Accordingly, by advancing the starting time for 

controlling the number of idle rotations, there can be 

avoided a disadvantage where the number of engine rota- 

tions is excessively decreased to a value below the 

target number of idle rotations, thus resulting in 

engine stall.   Also, by virtue of the provision of an 

additional condition determining whether the load is 

more than a load above which starting the idle con- 

trolling is permitted, there can be avoided the ad- 

ditional provision of a load switch for detecting loads 

such as electric loads and the like.   As a result, a 

cost increase is not invited, either. 

As described above, according to the present inven- 

tion, the controlling of the number of idle rotations is 

started so that the number of engine revolutions becomes 

the target number of idle rotations when each and every 

one of the following conditions is satisfied: the 
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opening degree of the air inlet throttle valve of the 

internal coinbustion engine is the idle opening degree; 

and the number of engine revolutions drops below a value 

slightly above the target number of idle rotations. 

Accordingly, there is no longer a need for additional 

hardware such as a load switch for detecting loads such 

as electric loads and the like, and the starting time 

for controlling the idle rotations can be advanced. 

As a consequence, by advancing the starting time 

for controlling the nximber of idle rotations, there can 

be prevented the disadvantage that the engine speed is 

excessively decreased to a value below the target number 

of idle rotations, thus resulting in engine stall. 

Also, as the controlling of the number of idle rotations 

is started by providing an additional condition deter- 

mining that the load is more than a load above which 

starting of the idle controlling is permitted, there is 

no longer any need for an additional load switch for 

detecting loads such as electric loads and the like. As 

a result, a cost increase is not invited either. 

Although a particular preferred embodiment of the 

invention has been disclosed in detail for illustrative 

purposes, it will be recognized that variations or 

modifications of the disclosed apparatus, including the 

rearrangement of parts, lie within the scope of the 

present invention. 
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CLAIMS 

10 

20 

1.   in an apparatus for controlling the number of 

idle notations of an internal combustion engine for a 

vehicle so that the number of engine revolutions becomes 

a target number of idle rotations, said apparatus 

starting the controlling of the nu^er of idle rotations 

When each and every one of a plurality of ^i'^^^;?*'"'^^- 

tions is satisfied, said first conditions including the 

opening degree of an air inlet throttle valve of the 

internal combustion engine, the vehicle speed, and the 

number of engine revolutions, the improvement.comprising 

octroi means for starting the controlling of the number 

of idle rotations so that the number of engine revolu- 

tions becomes the target number of idle rotations ir- ^ 

respective of the absence of satisfaction of each of the 

first conditions, said control means starting con- 

trolling of the number of idle rotations 

satisfa!tion of each of. the following second conditions, 

the opening degree of said air inlet ^^"/^^^ ^ 

an idle opening degree, and the nun^er -^^^/J^'" 

tions drops below a value slightly above ^^^^"^^^ 

number o£ idle rotations after the controlling of the 

number of idle rotations stops due to the absence of 

satisfaction*of one of said first conditions. 

2.   An apparatus, comprising:   an internal combos- 

tion engine having an intake passage; a throttle valve 

Which is disposed in said intake passage -"^'^^^^ 

air flow therethrough, said throttle valve ^^^"^ ^^^^^^ 
to an idle position; a bypass passage -^inunicating wi^^ 

said intake passage on opposite sides of said throttle 

valve; a control valve which is disposed in W " 

passage and controls air flow therethrough; an engine 



speed sensor; and control means for controlling said 

control valve in a first mode in which said control 

valve progressively varies air flow through said bypass 

passage as a function of a signal from said engine speed 

sensor to effect feedback control of the engine speed 

toward a target speed, and in a second mode in which 

said control valve effects a substantially constant air 

flow through said bypass passage, said control means 

including means for causing said control means to imple- 

ment said first mode when said throttle valve is in said 

idle position and the engine speed sensed by said engine 

speed sensor is below a speed value which is greater 

than said target speed. 

3.   An apparatus as recited in Claim 2, wherein 

said speed value is determined by adding a constant 

value to said target speed. 


